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タンパク質汚れの洗浄に関する研究
皆川法
Studies 00 the Removal of Proteio s taios from Fabrics 
MOTOI MINAGAWA 
INTRODUCTION 
Protein which come in contact with cloths in 
the water soluble state， e¥'entually dry， coagulatc 
and Ihen dcposil on thc fibrcs. Furthcrmorc， th~ 
prolcin und~rgoes dcnaturation and gencrally bc-
comcs insolublc， and as a result it bccomes ¥'引γ
difficult to rcmo¥'c Ihe protein stain from cloths 
by thc uSlIal mcthod of using synthetic detcrgcncv 
川 thcfamily washin~ machinc: Conscqllcntly， be. 
side using the uSlIal synthetic detergency bccon1' 
es ncccssary to lISC cnzymes町hichbrcak up thc 
prOlcin into smallcr molcclllcs， thlls ellabling rcmo・
val. 
Enzyrncs have beell widely used sincc 01 old 
2 8) 
in Ihc washing and scouring of texlilcs 
Enz¥'l1cs havc cornc to bc used reccntly in 
dryclcaning and wet cl('aning; indetergency:‘・ sco.
uring:' mcdical washing!' alld in shampooing;' '~bc. 
side being lIsed in Ihe traditional rncthod of dcgurn. 
ming or scou，'ing;' schapping by fermcnt: rClling; 
気pOl!ingand stripping: 
ln commcrcial and domcstic cleaning 01 clothぉ
and Icxtilcs， protease (amylasc is lIsed someti開討
lor washi暗ぉhccts) is lIsed either si叩 Iyor in 
cornbination ¥'ith dctcrgcllcy. 1 r has becll recog. 
nizcd sin('c abollt 1958 thal thc addition of a high 
conccntralion 01 protcasc in detergcncy hclps to 
a ccr(ain cxlcnt thc rcmoval 01 blood and skin 
gl'ln1Cぉla川sIrom labrics. Whcn usillg prOlcasc 
in Ihc pl'c-spotling solution cmployed in dl'~' clcal1' 
ing， 3-10 % ¥'01. 01 ¥'a tcr is soluble， al1d as a 
resull thc ra (c 01 rcmo¥'al 01 protcin Irom labr ics 
is !'nhanccd， 11 laundl'ics or hospitals and hOlcl只
whcre la，'gc amoul1ls 01 cloth気 andShCCIS soilcd 
by ¥'a.・101ぉ prolcinsalld slarch rcquirc ¥¥'ashing， 
micro-biological proteasc alld am¥'lase .are bcing 
(31 ) 
uscd in dClergcncy with satislaclory results. 
Also， dctcrgency cOl1tail1i暗 protcase(and amylase) 
arc available lor use in the domes(ic washing 01 
blood， milk 01' skin grime stained cloths， The use 
01 protcasc in this killd or washing is not new， 
0， Romc used protease in 1913 alrcady， ho¥¥'c¥'cr， 
its usc was not widespread lIntil 1963 ¥¥'hen dClcr. 
gCllcy con taining protease becamc gellc ra ly ava il. 
able il Holland and in Swilzerland. 1 n Japan， also， 
dClcrgcllcy containing enzymcs ha¥'c become a¥'ail. 
ablc sincc 1968， 
This is due 10 the recenl remarkablc dc¥'clop-
mcnt 01 the microbiological industry which C'IIahlcd 
Ihe inrxpcnsi¥'c production or largc unilS or Ihc 
nccded enzymcs. On the othcr hand， cCrlail 
pl'oblcms ha¥'c arisell: accordi昨日10 a sur¥'cv madc 
by M， L. H.トlind'・alldJ. Pcpys" somc 01 Ihc 
Wのrkprscmplo¥'cd al laCIOrics which manUraCllI'c 
dCll'rgC'IC¥' cOlllaillil1g alkalinc proteasc producC'd 
Irom hay bacilllls dc、elopallcrgic COllclitiollS 01 
Ihl' brollcln.s (slIch as， pulmona ，.、h、pl'1・吋nsitI、.，l¥"
and aちlhma-lik('symptoms)， AIso. N. E. J引時引い-
and C. DlIcksbury" ha、ercportcd thal lhc pI'O(C' 
asc containcd il Ihe delergency irritale Ihl' skill 
callsillg dcrma titis. 
Howc、Cl'， Ihc Food and Dn，g AdmilliSll'alioll 
(Am('rica) has invcstigatcd this problcm(EII/.ymc-
COlllailil耳 Laundel'il1gCompollllds and Consumcr 
Ilcallh} 川 1971al1d as a rcsult， dclcrgcncy COI1' 
taining cnzymes have bcen declal'cd ha.・mlcss，bll
il is dcsirablc Ihal 11Irthcr cllorts bc madc lodc. 
、'clopcnzymcs ¥'ith a higher mal'gin of salcty. 
IIIcomplc(c rc1l0vaI 01 prolein adhcring 10 
clolhぉ ma、callscIhc soilcd arca tO b('comc机'orm
('a 1('1 or mold、 and Iragil('. AIso， it hclps 
bactcria 10 colol1ilC in thc soilcd arca which rrom 
11' h、耳iCl1icvie、poinlis ¥.c，.y 1Il1dcsirablc. 
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As one of the fundamental sludies on the wash. 
ing of protein stains on textiles by means of 
detergency containing proωase， the condition and 
amount of various kinds of proteins adhering to 
textiles were investigated. 
PROTEIN SOILED F ABRICS 
Four kinds of E M P A (Eidgen凸ssischeルlaterial・
prufungs und Versuchsanstalt， Unterstrasse 11， 
9001. St. Gallen， Schweiz) test soiled fabrics are 
available. They are fabrics soiled by blood (Nr. 
111)， by a mixlure of m山， cocoa and sugar (Nr. 
112)， by red wine (Nr. 114)， and by a mixture of 
blood， milk and 1ndia ink (Nr. 116). However， 
the amounts of protein adhering to the fabrics are 
quite large and differ greatly:' ，¥ 
Blood soiled fabric : 90mg protein/g fabric 
Cocoa， milk， sugar soiled fabric 
35mg protein/ g fabric 
Wine soiled fabric 19m9 protein/g fabric 
Blood， milk， lndia ink soiled fabric 
: 62mg protein/g fabric 
Besides thesc 4 test fabrics， casein paste 
soiled fabr・ic;" and milk and carbon black soiled 
test fabrics υare also a vailable. 
Howcver， the amount of protein actually adhe. 
ring to cloths differ greatly with each individual 
and environmental conditions. SLUdies have reveal. 
Plate I Scanning electron micrograph of skin 
cells， dirt particles and fat on cotωn 
fabric neck band worn by person. 
ijl 
(32) 
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ed that lhe amounl of protein adhering 10 cloths 
usually ranges from 3 to 17 mg per gram of fabric 
(av. 10mg protein/g fabric). 
1n lhe presenl experiment various kinds of 
protein stained labrics were prepared so lhal the 
amount of protein deposiled on each gram of fabric 
was aboul 10mg. The various kinds of proteins 
used to soil the fabrics were: egg albumen:'''' yolk 
01 egg， cow's milk;'】humanmilkア horse bloodアl
fish blood:" puss了，gelatinア'andskin grime~" 
There was a linear relation belween lhe a. 
mounl of protein deposited on lhe fabrics and lhe. 
concentration 01' the protein in the soiling solution 
up to a certain concentration of lhe prolcin in the 
soiling solution. Above this concentration the 
amounl of protein deposiled on lhe fabric did nOl 
increase proportionately， and soiled the fabl'Ics 
unevenly. Consequently， lhe relalion belween lhe 
concentration of小eprotein in the soiling solution 
and the amount of protein deposited on the fabric 
was determined for each protein， and test protein 
soiled fabrics having approxima tely equal amounts 
of protein (that is， 10mg of protein per g，'am of 
labric) within the respect附 linearrelalion range 
were prepared. 
When colored soiled fabrics like the E M P A 
01' milk / carbon bJack soiled fabrics are used t.o 
delermine removal eficiency， itis donebydelerm・
ing t.he reflection removal rate from the surface 
reflection rate， and it is not very accurate. 
This being the case， in the present study， 
removal eficiency was determined by measuring 
the amoul1t 01 protein before and after washing， 
and also the amoul1t 01 protein contained in the 
fabric itself. Quantitative determination of protein 
was done by the KjeldahJ method. The removal 
eficiency detcrmined by measuring the amount of 
protein deposited on the fabric by Kjeldahl's m;oth. 
od is fal' more accurate than by mcasuring sur. 
face reflection rate. However， the former meth. 
od has lhe drawback of bcing complicated and lime 
consuming， especially because 01 the abundance 
of test materials. 1n order to obviate this disad. 
vantage， we lried the colorimetric method using 
Cu-FoJin reagent for the quantitative determination 

- 68- 被
Protease produced by micro-organisms 
服
?
Table 2 
strains I Optimum pH 
Bacilus Subtilisin Carlsberg I 10.3 -10.8 
Bacilus Subtilisin B P N' I 10.2 -10.7 
Bacillus Subtilisin N S 1 I 10.3 -10.8 
Bacillus Subtilisin Amylosacchariticus I 10.2 -10.7 
Bacillus Cereus I 10.5 
Aspergillus oryzae alkaline I 8.0-10.0 
Aspergillus sojae alkaline I 8.0 -10.0 
Glicocladium roseum 1 I 11.0 
Glicocladium roseum I I 10.0 
Streptomyces fradiae aminopeptidase I 10.0 
Streptomyces ，griseus I I 8.0 -10.0 
Streptomyces griseus m I 9.0 -10.0 
Fungi imperfecli I 9.0 -11.0 
With regard to enzymes used in detergency， removal of prolein slains must have a wide spectrum 
extensive reseach is being conducted in ordcr to of substrate specificity capable of degrading the 
find better culture methods and new strains of peptide bond， indiscriminateνThe alkaline protease 
microorganisms which produce alkaline protease now being widely used is produced by Bacillus 
predominantly. As a result， various kinds of pro・ subtilis(hay bacillus) and has a poten¥ endopep 
¥ease produced by micro-organisms have becn tidase ac¥ion (Fig. 2). Even among ¥he protease 
developed. A few represcn¥alive alkaline proteaes produced by closely rela¥ed Slrains of hay 
are shown in Table 2.') bacillus there al'e thosc with considerable 
The 1ype of protease adapted for use in the 
(Enzymes) 
Removal Eficiency (%) 
o 20 40 60 80 100 
Papain 
Bromelin 
Pepsin 
Trypsin 
Neutral Bac. Protease A 
Neutral Bac. Protease B 
Alkaline Bac. Protease A 
Alkaline Bac. Protease B 
Alkaline Bac. Protease C 
Alkaline Bac. Protease 0 
Alkaline Bac. Protease E 
Alkaline Bac. Protease F 
Neutral Str. Protease 
Alkalinc Asp. Protease 
Acidic Asp. Protease 
o 20 40 60 80 100 
Prot疋aseactivity:100 PU/ml 
(Protease activity was assayed by the modified 
Anson-Ogiwara' s me thod) 
Fig.2 Substrate specificity of protease 
(Egg albumin soiled fabric) 
differences in lheir enzymatic chemistry. Four 
Removal Efficiency (%) 
o 20 40 60 80 100 
rA 
Alkaline Bac. Protease I ~ 
(Bacillus Subtilsin iζ 
Ca山 berg) I E
、F
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Fig.3 Removal of protein soiled fabrics by alkaline 
proteases. 
(34) 
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kinds of s trains may be dis tinguished from their 
production patlern. It has bccn recognized that 
among the types which producc only alkaline pro. 
tease， there are many which are reista川lO
detergency'" (Fig.3) 
In the actual washing of soiled fab，'ics it is 
sometimes more effcctive to use neutral proteasc， 
exopeptidase 01' α-amylase togclhcr with alkalinc 
protease rather than the latter alone~' 
I Activation of protease in the 
detergent solution 
With rcgard lO the influence of protcasc actト
vation in lhe detergent solulion on thc effect of 
(35) 
removal of protein s tains， although there wcre 
slight differences depending on thc nature of lhe 
stain and the characler目licof the enzymc being 
used， it was found that the removal efficicncy 
rcachcd a constant level when 、lashing protein 
stains in a solution with an enzyme activation of 
approximat(>ly IOOPU/ml (Foli心1，20，31 Now， with 
regard tO the influence of protcase acti¥'ation in 
the detergent solution on the cffect of remo¥'al of 
skin grime stains， which are cOllsidered difficult 
to rcmovc， itwas found that lVith the alkaline 
microbiological protcase cut'renlly being used in 
dctc，'gcncy， the removal effect ¥Vas ellhanccd by 
the synergislic effcct of the prolcasc and the 

considered optimum for long time enzyma tic action. 
TIle temperature specificity of proteases used 
in the removal of protein stains is directly related 
to the removal efficiency， and studies revealed 
that excluding that of the high temperature pro・
teases， the optimum temperalUre rangc is from 40 
to 5O"C仲 (Fig.7). 
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ture， howcver， itwas found that when the deter. 
gent solution was on the alkaline side the removal 
efficacy was high even when the temperalurc was 
low" (Fig. 6). 
Temperature specificity of protease N 
The mechanical action involved in 
washing 
V 
It is well known that the mcchanical action 
involved in the washing of cloths， although vary. 
ing somewhat depcnding on the nature and size of 
the stain， the characteristic of the surface of 
adhesion， and the condition of adhesion， has a 
great effect on the removal efficiency. 1n the 
removal of protein stains， the mcchanical effect， 
l∞ 
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⑩ : Neutral 51r. protease (0. T. ・Neutral Bac. protease (0. T. 
Protease activity : 100 PU/ml 
Fig. 7 Temperature speci fici ly of prolease 
(Blood soiled fabric) 
Temperature 
」ノ :I-hO 
⑩・ H師、.rydetergency (0.2 %solution) :Heavy detergency containing enzyme (Alkaline 
Bac. protease， 1 PU/ml ) 
Fig. 8 Thc mechanical aClion involved in washing 
( Terg-O・Tometer)
togethcr with the hydrolytic effect of protease on 
the s tain， helps grea tly to enhancc the removal 
efficiency. When using the agitaling lype of lhe 
experimental washing machinc， lhe highest ren百四l
efficiency may be achie¥'ed wilh rcvolutions abovc 
12Ocpm. lt also greally decr'eascs lhe removal 
lime" (Fig. 8). 
diffcring somewhat wilh lhe pH of the solution， has 
opllmum 田mperalurcs ranging from 50 10 65'C. 
Thc high tcmperatllrc proteases which arc produc. 
ed by temperature resistant organisms have 
oplimum temperatures ranging bctwcen 65 and 80"C~' 
Alkaline proteases are generally stable at low 
temperaturcs， however， their 
40-55・C)
65-80'C) 
(37) 
actlvlty 
enhances wilh rise in tcmperalure. Therefore， 
a temperalure range belween 55 annω"C is con-
sidered optimum for shorl time enzymalic action， 
and a temperalure range between 35 and 40"C is 
Different kinds of proteases have their respec-
tive temperature ranges wilhin which lhey exhibit 
their highest activity. However， this optimllm 
tempcrature is inflllenced by the concentration of 
the substrate， duration of action， pH， and lhe 
presence of other substances. MOSI neulral 
proteases have oplimum temperatures ranging from 
whereas， alkaline proteases， allhough 
enzymallc 
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Removal Efficiency (%) 
( Me tal salts) 
CuSO. 
AgNO， 
MgSO. 
Ca (CH， COO)， 
Sr(N03). 
BaCI. 
ZnSO. 
CdSO. 
Hg (CH， COO)2 
AI. (SO. )，
Pb ( CH3 COO). t 
FeSO. 
FeCJ， 
Co (CIJ，.COO)z 
Alkaline Asp. protease activity : 10PU/ml 
Concentration oC metal sal t : M 15∞ 
Fig.9 Effect oC metal ions 
(Blood &oiled Cabric) 
VI Effect of metallic ions 
1t is widely recognized that the presence oC 
metallic ions in the detergent solulion conta ining 
protease greatly influcnccs the removal ra te oC 
protein stains. An investigalion revealed lhat 
ions oC alkalinc earlh metals such as Mg， Ca， Sr 
and Ba promote the detergent effect by acting as 
enzyme activators and also by increasing the 
water solubility oC protein stains. On the other 
hand， it was Cound that other ions， espec岨lIy，
heavy metallic ions， sllch as Cu， Hg， Ag， Zn， 
Cd and Fe(町)aCI as enzyme inactivators and 
greatly diminish the detergent cCcct (Fig. 9). 
A sludy was made to i.westigatc the efCect of 
Table 4 Effect of the concentration of the cnzvmc 
activator salt 
Conccn lra tion Rcsidual activity ofalkaline B配.protcase 
of 
metal salt FeCI， CaCl， 
M/1∞ 。% 101.8 % 
M/5∞ 。 102.1 
M/1ooo 28.1 100.3 
M/10000 69.2 101.0 
M/10oo∞ 98.7 100.5 。 99.4 99.4 
月匝
(38) 
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the concentration oC the enzyme activaωr Ca salt， 
and the enzyme inhibitor Fe salt on the stability 
oC enzymes. It was found that enzyme activation 
became increasingly inhibited as the concentra tion 
of Fc (山)salts increased， however， in concen. 
t rations oC less than M/10' there was hardly any 
inhibitory efect. Consequently， thc Fe conccn. 
Iration in city water which is approximately O.3ppm 
may be disrcgarded with respect of its inhibitory 
cffecl on enzyme activation (Table 4). Howevcr， 
many protein stains contain a high concenlratiol' 
of Fe(凹)， cspecialy blood stains conlain approx卜
mately 500ppm of Fe ion and its inhibilory efCect 
on enzyme activation cannot be overlooked. Ca 
salts in concentrations oC less than M/100 ha¥'c a 
protective effect on enzyme activation. Ca i:; a 
componcnt of cnzyme protein and helps maintain 
the secondary structure necessary for the acti¥'a・
tion of enzyme protein. Consequently， the adtlj. 
lion of Ca salt 10 thc enzymc solution prcvcllts 
the dena luralion of enzyme prolein and helps 
protcc t ac llva tlOIl. 
VlI Effect of detergency composition 
A study was made on thc efect oC the prcsum. 
cd concenlration of each component of hcavy duty 
detergency on the activation oC protease and it 
was Cound that although the stability of ellzymes 
against dctcrgency componcnts differ considerably 
with different enzymes， generally， alkalinc micro. 
biological prOlease have a comparatively high 
stabi)ity against detcrgency componcnts. This 
was particularly truc with regard to sodium tri・
polyphosphate. The protcasc aClivalion at 40'C 
was lowered in comparison 10 that at 20'C， and 
this tendency became more evidcnt as the conccn. 
tratiol1 of the detergcncy comosition became hiゆer
(Table 5). 
Altho'Jgh thc characteristic of the protcase 
being used in the detergeηt solution and the 
nature of the protein stain to be removcd grcatly 
influence thc rcmoval efficiency， it was found 
出atwith alkaline protcase，日enerally， excellent 
removal effcct could be obtained e'ien with the 
addition oC anionic surface aClive agents. 
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Table 5 Effect of component of heavy duty dett>rgency on the activation of enzymes 
Residual activity (%) 
Component of detergency I 日
20't 40't 20't 40't 
0.05 % 91.9 85.3 95.7 92.8 
Sodium lauryl sul fate 
0.1 88.6 82.2 94.0 90.7 
0.05 92.6 83.7 96.4 93目9
Sodillm alkyl benzene sulfale 
0.1 90.0 80.8 95.7 93.5 
0.05 96.1 93.4 97.3 95.7 
Polyoxyelhylene alkyl phenol clher 
0.1 95.4 89.9 95.1 95目4
Sodium sulfale 
0.1 95.4 94.9 97.0 96.7 
0.2 93.1 94.6 94.7 93.7 
0.05 91.7 84.7 97.8 98.9 
Sodium tripolyphosphale 
0.1 87.9 79.2 96.0 95.8 
Sodium silicate 
0.01 91.9 85.1 91.5 94.2 
0.02 90.5 80.8 92.8 90.3 
Sodium carbonale 
0.01 91.3 87.0 95.5 92.3 
0.02 86.2 81.0 91.5 90目2
0.01 93.1 90.2 96.9 93.7 
Sodillm soap 
0.02 89.4 88.8 92.7 90.8 
EDTA 
。目001 88.3 82.3 94.2 92目8
0.005 87.6 80.6 93.9 89.3 
NTA 
0.001 91.2 88.5 95.0 94.5 
0.005 90.8 85.1 93.3 90.9 
0.001 93.7 
CMC 
91.4 96.5 94.7 
0.005 93.0 90.8 95.8 94.6 
1 Alkaline protease produced by Aspergilllls oryヌaC'alkaline. 
日:Alkaline protease produced by Bacillus SlIblillsin Carlsberg. 
Also， rcmo¥'a I c fic陀ncymay be increascd by 
lht> addilion of buildcrs， sllch as， sodium tri-poly. 
pho品phatc， sodillm slIlfa le and sodium silica tc， or 
by mC'talic ion blocking agenls， such as， EDTA 
anu NTA， 01' by thc addilion of CMC." 
Va，・iousfaClors， slIch as， slIbstrate spcci. 
ficilY， Pト1spccificily， tempcratu【C spC'cificity， 
detergency composition， ancl washing conditioll arc 
in¥'olvcd in thc rcmoval of protcin stails by UClcr. 
gency containing cnzymes. Consequently， cach 
factor musl bc ca，'cfullv cOllsiclered in ord引 10
cllhancc lhc composilc ，'cmo¥'al cfficiency. 
Ahhough， at prcsent， prOlease is mainl~ lIscd 
in dClcI'gcnc、forwashing clOlhs soiled by prolein， 
il is hoped lhal funhcr studies will be made in 
(39) 
lhe uぉeof amylasc， Iypasc， cclllase， hcmicC'lIl1' 
laぉc，and pectinase in order 10 enhance lhc 
remo¥'al efficiencv. 
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〔要 約〕
水溶液状態で衣類に付着するタンパク質汚れは繊維上
で乾燥・凝固して固着し，さらに物理的あるいは化学的
な作用によって大部分が変性して一般に不溶性の汚れに
変化するために，普通の合成洗剤と洗たく機による機械
力のみの組合せでは衣類を精成する繊維の種類，線組織
などを考慮するときわめて除去しにくい汚れのーっとな
っている。したがっで衣類を不必要に損傷することなく，
洗「争効果を高めるためには合成洗剤による洗浄作用の他
にタンパク質汚れを低分子化して除去しやすくする酵素
作用などが必要とされる。タンパク質汚れの酵素洗浄に
おいては酵素の基質持異性， pH特性，温度特f生や，洗剤
成分に対する安定住や，洗たく条件などきわめて多くの
因子に支配されるので，これら洗浄に伴なう各種の因子
を個々にとらえて総合的に洗浄効果を高めるよう努めね
ばならない。また現夜衣類の齢索洗浄においては主とし
てプロテアーゼが用いられているが，複雑な衣類の汚れ
に対して今後さらに洗浄効果を高めるためにアミラーゼ，
リバーゼ，セルラーゼ，へミ セルラーゼ，ベクチナーゼ
なと'の加水分解酵素の混用についても検討する余地が残
きれている。
